The World Health Organization (WHO) has formulated guidelines for a healthy diet to prevent chronic diseases and postpone death worldwide. Our objective was to investigate the association between the WHO guidelines, measured using the Healthy Diet Indicator (HDI), and all-cause mortality in elderly men and women from Europe and the United States. We analyzed data from 396,391 participants (42% women) in 11 prospective cohort studies who were 60 years of age or older at enrollment (in 1988-2005). HDI scores were based on 6 nutrients and 1 food group and ranged from 0 (least healthy diet) to 70 (healthiest diet). Adjusted cohort-specific hazard ratios were derived by using Cox proportional hazards regression and subsequently pooled using random-effects meta-analysis. During 4,497,957 person-years of follow-up, 84,978 deaths occurred. Median HDI scores ranged from 40 to 54 points across cohorts. For a 10-point increase in HDI score (representing adherence to an additional WHO guideline), the pooled adjusted hazard ratios were 0.90 (95% confidence interval (CI): 0.87, 0.93) for men and women combined, 0.89 (95% CI: 0.85, 0.92) for men, and 0.90 (95% CI: 0.85, 0.95) for women. These estimates translate to an increased life expectancy of 2 years at the age of 60 years. Greater adherence to the WHO guidelines is associated with greater longevity in elderly men and women in Europe and the United States.
guidelines, which aim to help people make informed "healthy" choices. The adherence to dietary guidelines can be measured by diet quality indices. One example of a dietary index is the American Healthy Eating Index, which defines adherence to the US dietary guidelines (5) . The Healthy Eating Index-2010 was found to be inversely associated with all-cause mortality in elderly participants in the United States (6) . However, studies on an international level require the operationalization of globally applicable dietary guidelines. Therefore, the 1990 World Health Organization (WHO) guidelines for a healthy diet for the prevention of chronic diseases and subsequent increase of life expectancy (7) were translated into the Healthy Diet Indicator (HDI) (8, 9) .
In 2003, the WHO updated the dietary guidelines according to the latest scientific evidence (10) . The association between survival and a healthy diet that accords with the latest WHO guidelines has not been quantified. Combining all causes of death as a single outcome measure is of great interest for the population under study, because comorbid conditions frequently prevent identification of the primary causes of death (11) . Our hypothesis was that greater adherence to the WHO guidelines is associated with greater longevity. We tested this hypothesis and quantified the number of years of life gained by following the WHO guidelines in 11 prospective cohort studies of participants aged 60 years or older from Europe and the United States.
METHODS
We conducted a meta-analysis of individual participant data from 11 population-based cohorts of the Consortium on Health and Ageing: Network of Cohorts in Europe and the United States (CHANCES). Its aim is to combine and integrate prospective cohort studies to produce, improve, and clarify the evidence on the distribution and risk factors of chronic diseases in the elderly and their socioeconomic implications (www.chancesfp7.eu). The CHANCES cohorts were chosen because all variables needed for this project were harmonized according to predefined rules. The harmonization rules were discussed among the CHANCES partners until a consensus was reached.
We included participants 60 years of age or older from the European Prospective Investigation Into Cancer and Nutrition-Elderly (EPIC-Elderly) Study (12) from Spain, the Netherlands, Greece, Sweden, and Denmark; the Health, Alcohol, and Psychosocial Factors in Eastern European Countries (HAPIEE) Study (13) from Czech Republic, Russia, and Poland; the National Institutes of Health-AARP Diet and Health (NIH-AARP) Study from the United States (14) ; the Rotterdam Elderly Study (RES) (15) from the Netherlands; and the Survey in Europe on Nutrition and the Elderly, a Concerted Action (SENECA) Study (16) from Europe. Baseline data were collected between 1988 and 2005. Before the analysis, we excluded participants with incomplete follow-up information relevant for the analysis. We also excluded participants with missing information on age or death status, as well those who had missing or unrealistic information on body mass index (BMI) (weight (kg)/height (m)
2 ) (i.e., BMI values of >60 or <10) at baseline and those with extreme energy intakes. The RES and the NIH-AARP Study had dietary intake outliers that we removed by Box-Cox transformation.
Main characteristics of the cohorts have been previously described in the literature (12−15, 17−19) and are summarized in Web Table 1 , available at http://aje.oxfordjournals. org/. In all cohorts, the collaborative research procedures were in accordance with the ethical standards of the responsible institutional or regional committees on human experimentation, and all participants gave written informed consent.
All-cause mortality
Information on vital status was almost complete across cohorts (Web Table 1 ). The start of follow-up was defined as age at baseline, and the end of follow-up was defined as the age of the participant at last linkage with the death registry.
Dietary assessment
Different dietary assessment methods were used in each cohort. Most cohorts applied a validated food frequency questionnaire (12) (13) (14) (15) (16) (17) (18) . The SENECA Study used a validated dietary history method (19) . The total numbers of food frequency questionnaire or dietary history items, reference periods, and interview-derived or self-reported dietary assessments differed across cohorts. Translation of foods into nutrients was performed by using cohort-specific food composition tables.
Healthy Diet Indicator
We substituted the WHO guidelines on the HDI score that were introduced by Huijbregts et al. (8) with the updated WHO guidelines from 2003 on diet and nutrition to prevent chronic diseases. The initial dichotomous scoring system (8) was replaced by a continuous scoring system, because this deals more efficiently with between-person variation and can better reveal diet-disease associations (20) . WHO components, as updated in 2003, and HDI scoring standards are shown in Table 1 . All cohorts had information on 9 nutrients and 1 food group of the 14 WHO guideline goals. Five of the 11 cohorts (3 cohorts of the HAPIEE Study plus the NIH-AARP Study and the RES) had information on all dietary intake goals. To improve the comparability with previous studies (6), we focused on the following 7 HDI components, which were available in all cohorts: percentages of energy intake from saturated fatty acids, polyunsaturated fatty acids (PUFAs), mono-and disaccharides, and protein; and intakes of cholesterol (mg/day), fruits and vegetables combined (g/day), and either total dietary fiber or nonstarch polysaccharides (g/day). The intakes of n-3 PUFAs, n-6 PUFAs, trans-fatty acids, and sodium were not included in the score for the main analysis. Furthermore, as suggested before (8), we excluded total fat and total carbohydrates from the HDI score calculation to avoid duplicating weights for these 2 components. We did not include monounsaturated fatty acids because the WHO guidelines do not take them into account. Dietary fiber was used for the HDI score calculation in all cohorts except the HAPIEE Study, in which only information on intake of nonstarch polysaccharide was available. Data on intake of free sugars were not available in all cohorts and were replaced b WHO guidelines for monounsaturated fatty acids, n-6 and n-3 polyunsaturated fatty acids, trans-fatty acids, and sodium were not scored because of lack of information.
c Points for dietary intake between the lower limit and the standard intake for maximum number of points were calculated as follows: (intake / standard lower limit) × 10. e The upper cutoff value at which a participant could score more than 0 points was based on the 85th percentile of the population's intake distribution. Calculation of points for dietary intake between the upper limit and the standard intake for maximum number of points was as follows: 10 − (intake − 10) × 10 / standard upper limit − 10).
f Calculated without energy from alcohol. g "Energy %" represents percentage of energy intake from that dietary component. h Free sugars were replaced by mono-and disaccharides. i Data on fiber were not available for Health, Alcohol, and Psychosocial Factors in Eastern European Countries (HAPIEE) participants. Therefore, we instead applied nonstarch polysaccharides for that cohort with a standard maximum score of 20. by data on mono-and disaccharides. In accordance with the WHO guidelines, all macronutrients were expressed as a percentage of energy intake. For the calculation of nutrient densities, we excluded energy provided by ethanol (8) .
The HDI includes 3 categories of guidelines ("moderation," "moderation range," and "adequacy") with accompanying scoring systems ( Table 1 ). The maximum score of 10 points was allocated if the intake was in accordance with the a Low, primary school or less; medium, more than primary school but less than college or university; high, college or university. b Low, 0 g of alcohol per day; medium, >0-40 g/day for men and >0-20g/day for women; high, >40 g/day for men and >20 g/day for women. c Yes, being vigorous physically active; no, not being vigorous physically active.
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Am J Epidemiol. 2014;180(10):978-988 WHO guidelines. For the moderation category, (saturated fatty acids, mono-and disaccharides, and cholesterol) participants with higher intakes than recommended received proportionally fewer points, with a minimum of 0 points at the upper limit. The upper limit was defined as the 85th percentile of the combined cohort-specific population distribution (21) . The "moderation range" components (6%-10% of energy intake from PUFAs and 10%-15% from protein) were scored with a maximum of 10 points if intake was within the recommended range. A score of 0 corresponded to an intake of 0 at the lower limit or the 85th percentile at the upper limit. Regarding PUFAs, 85% of our participants met the WHO guidelines (i.e., the upper limit was included in the recommended range). Therefore, all participants with PUFA intakes above the recommended range received 0 points. For the "adequacy" components (>25 g/day of fiber and >400 g/day of fruits and vegetables), participants with lower intakes were allocated proportionately fewer points, with 0 g/day as the minimum. After all individual scores were summed, participants received the maximum HDI score of 70 points if all guidelines were met; the minimum HDI score was 0.
Covariates
We used similar statistical models for each of the cohorts. Data on measured height and weight were available for EPIC-Elderly Study, the RES, and the SENECA Study; selfreported data were used for the NIH-AARP Study and the HAPIEE Study. In the RES, no baseline measurements of physical activity were available. As a proxy measure, physical activity assessed 6 years after baseline was used. Information on physical activity in the Swedish cohort of the EPIC-Elderly Study was not provided. Potential confounding variables were selected based on their associations with dietary patterns and all-cause mortality.
Statistical analysis
This meta-analysis of individual participant data followed a 2-step approach by first analyzing each of the 11 CHANCES cohorts individually using the same analysis script, and then conducting meta-analyses of the obtained hazard ratio estimates. We applied Cox proportional hazard models, using age as the underlying time variable, to assess the association between the continuously scored HDI ( per 10-point increment) and all-cause mortality. Hazard ratio estimates were summarized by random-effects meta-analysis to take into account differences in sample size and the possibility of statistical heterogeneity among the studies. Between-study heterogeneity was determined by I 2 statistics (22) . The final hazard ratio was adjusted for sex; educational level ( primary or less (low), more than primary but less than college or university (medium), or college or university (high)); alcohol consumption (low (0 g/day), medium (for men, >0-40 g/day; for women, >0-20 g/day), or high (for men, >40 g/day; for women, >20 g/day); smoking status (never, former, or current); energy intake (kcal/day); and vigorous physical activity (yes or no). Participants with missing data for the confounding variables were assigned to a separate category for each of these variables. BMI and BMI 2 (to account for a potential U-shaped association with death) were not included in the main model for their potential influence on the association as a mediator, but additional analyses showed that inclusion of BMI and BMI 2 did not change the hazard ratio estimate. We included study center for the HAPIEE Study and the EPIC-Elderly multicenter cohorts (Spain, the Netherlands, and Denmark) and region for the SENECA Study in all models to adjust for potential differences in baseline hazards across centers or regions.
Potential effect modifications by age, sex, BMI (<27 or ≥27), which is considered the upper range of normal for elderly persons (23)), smoking, educational level, alcohol consumption, and chronic disease at baseline were investigated by including an interaction term in the models and by conducting stratified analysis. To examine the importance of excluded HDI components (n-3 and n-6 as separate components, transfatty acids, and sodium) to the association between WHO guidelines and all-cause mortality, we additionally investigated the complete HDI score based on 10 WHO components in the HAPIEE Study, the NIH-AARP Study, and the RES. Sensitivity analyses were performed by excluding missing covariates, data on chronic diseases at baseline, and data from participants who died during the first 2 years of follow-up.
To examine the relative importance of the single HDI components, we excluded 1 HDI component at a time while including this component as a covariate in the model. Finally, we calculated population-attributable risk (24) and life expectancy (25) . To estimate the years gained by adhering to a healthy diet, we used data on life expectancy at age 60 years for Europeans in the year 2000 from the WHO data base (26) .
Cohort-specific data were analyzed using SAS, version 9.2, software (SAS Institute, Inc., Cary, North Carolina). For random-effects meta-analysis, we used the metafor package in R, version 2.15.0 (R Foundation for Statistical Computing, Vienna, Austria). P values of less than 0.05 were considered statistically significant.
RESULTS
Median length of follow-up ranged from 5 to 15 years across cohorts ( Table 2 ). During that time, a total of 84,978 deaths occurred (Table 3) . Median HDI scores ranged from 40 (interquartile range, 35-45) in the EPIC-Elderly cohort in Denmark to 54 (interquartile range, 49-59) in the EPICElderly cohort in Greece. We obtained low (unhealthy) median HDI component scores for saturated fatty acids for all cohorts except the EPIC-Elderly cohorts in Spain and Greece and the NIH-AARP cohort. A low score for dietary cholesterol was observed in the EPIC-Elderly cohort in Denmark and the HAPIEE cohort in Russia. Protein scores ranged from very low (0 points) in the EPIC-Elderly cohort in Spain to very high (10 points) in the EPIC-Elderly cohort in Sweden and in the SENECA cohort. All cohorts scored high on PUFAs, dietary fiber, and fruits and vegetables combined, except the EPIC-Elderly cohort in Sweden, with a score of 5 points for fruits and vegetables, and the RES cohort, with a low score for dietary fiber (Table 4) . Mean age at baseline ranged from 60 years in the EPICElderly cohort in Sweden to 73 years in the SENECA cohort (data not shown). In all cohorts, mean age, BMI values, and proportions of men and women were comparable across HDI quartiles (Web Table 2 ). Participants in the highest HDI quartile (representing the greatest adherence to WHO guidelines) were more likely to be highly educated, never or former smokers, and physically active, and they were less likely to drink large amounts of alcohol. The associations between HDI and mean energy intake and mean scores for PUFAs and mono-and disaccharides differed across cohorts. Figure 1 shows the hazard ratios after adjustment for sex, educational level, smoking status, energy intake, alcohol consumption, and physical activity. The hazard ratios per 10 units ranged from 0.81 for the EPIC-Elderly cohort in Denmark to 0.99 for the RES cohort. Overall, the results showed a 10% reduction (hazard ratio = 0.90, 95% CI: 0.87, 0.93, I 2 = 67%) in all-cause mortality for each 10-point increase in HDI score. The inclusion of the covariates weakened the association slightly compared with the age-and sex-adjusted model (hazard ratio = 0.86, 95% CI: 0.82, 0.90, I 2 = 85%).
Stratifying the included cohorts by potential effect modifiers ( Figure 2A ) and cohort-specific characteristics ( Figure 2B ), as well as excluding participants with chronic diseases at baseline or those who died within the first 2 years of followup ( Figure 2C ) produced hazard ratios similar to the summary hazard ratio of 0.90. However, inclusion of all 10 HDI components changed the pooled hazard ratio estimate slightly, which had wider confidence intervals and a greater level of heterogeneity ( Figure 2B ). Excluding single components of the HDI and adding them instead as confounders produced little difference in pooled hazard ratio estimates compared with the overall result. All summary estimates remained statistically significant, ranging from 0.87 (95% CI: 0.86, 0.88) to 0.93 (95% CI: 0.90, 0.97) (Web Table 3 ).
Finally, the calculation of the population-attributable risk based on the adjusted analyses showed that 2% (in the RES) to 18% (in the EPIC-Elderly cohort in Denmark) of deaths could be attributed to unhealthy diets. The overall populationattributable risk estimate across cohorts derived by metaanalysis was 10% (95% CI: 0.08, 0.12). On the basis of WHO life expectancy data, the overall hazard ratio of 0.90 would translate to an increase in life expectancy of approximately 2 years for someone who was 60 years of age in 2000.
DISCUSSION
Our study included 11 cohorts from Europe and the United States and comprised a total sample of 396,391 elderly participants with 84,978 deaths. Overall, we found that a healthier diet according to WHO guidelines was associated with lower risk of death. These results did not appear to be explained by other risk factors or by specific components of the HDI, and they were similar among different age groups, between men and women, and across geographical locations. Excluding participants with chronic diseases at baseline did not change the overall pooled association between HDI score and all-cause mortality. Depending on the cohort, up to 18% of deaths could be attributed to unhealthy diet, and an increase in 10 HDI points was associated with a 2-year increase in life expectancy for a person 60 years of age.
An increase of 10 HDI points represents adherence to 1 additional WHO guideline. However, improving dietary quality should be achieved by following a balanced diet. For example, avoiding the consumption of potato chips and sweets, reducing the consumption of meat during the main meal by introducing 1 (additional) day of fish intake, and replacing full-fat milk with low-fat milk would add approximately 6 points to the total HDI score (2 points for saturated fat, 1 point for PUFAs, 2 points for mono-and disaccharides, and 1 point for cholesterol). Together with eating 2 additional servings of fruits or vegetables daily (approximately 2 points) and replacing white rolls and cereals with whole-grain alternatives (approximately 2 points for fiber), this would result in an increase of 10 HDI points. Our results show that such a difference in dietary quality would translate to a 10% lower mortality rate in an elderly population. Three previous studies (8, 9, 27 ) assessed the WHO recommendations from 1990, measured by the original dichotomous HDI scoring system, in relation to all-cause mortality. Huijbregts et al. (8) included a population-based random sample of 3,045 men aged 50-70 years from the Finnish, Italian, and Dutch cohorts of the Seven Countries Study, who were followed for 20 years. The pooled hazard ratio was 0.87 (95% CI: 0.77, 0.98) when comparing the bottom tertile versus the top tertile. Knoops et al. (9) analyzed data from Healthy Ageing: a Longitudinal Study in Europe, including 3,117 men and women aged 70-90 years who were followed for 10 years. The HDI scores showed an inverse association with mortality risk of 0.89 (95% CI: 0.81, 0.98) comparing HDI scores above the median with those below the median. Finally, Sjögren et al. (27) reported an inverse but nonsignificant hazard ratio estimate of 0.96 (95% CI: 0.77, 1.19) per 1-standard deviation increase between the HDI score and total mortality risk in a population of elderly Swedish men after 10 years of followup. Our results strengthen these findings by using updated dietary guidelines and enlarging the cohort size by pooling and extending the coverage of the countries across Europe and the United States. Also, we applied a continuous HDI score and not a dichotomous one as in the previous HDI studies, which might have improved the power of our study (20) . Combining prospective cohort studies in a meta-analysis to examine the association between nutrient-based dietary patterns and all-cause mortality typically introduces heterogeneity (28) . Reasons for this might be related to, for example, the use of different dietary questionnaires (assessment of dietary intake) and food composition tables (translation of food groups into nutrients). As expected, the levels of heterogeneity and uncertainty increased after the additional inclusion of n-6 PUFAs, n-3 PUFAs, trans-fatty acids, and sodium. We considered the result of our main analysis on the association between the HDI and all-cause mortality based on 7 instead of 10 HDI components to be reliable and more precise. An advantage of the current meta-analysis was the use of the same analysis script across cohorts and the use of harmonized variables, enabling the reduction of heterogeneity. The overall I 2 value was interpreted as being moderate in size. All hazard ratio estimates pointed in the same direction, which shows that the level of heterogeneity was driven by differences in strength of the association rather than by the direction (29) . Another advantage of the present study is the large sample size and diversity of the populations.
Limitations of our study are partly related to differences in cohort design, such as differences in length of follow-up, dietary assessment methods, and comparability of specific dietary variables. However, despite cohort differences, we found similar results across cohorts, which strengthens our overall finding. We performed stratified analyses by region to ensure that the large NIH-AARP Study did not dominate the overall result, and we found stable significant inverse associations between HDI and all-cause mortality across strata.
A single dietary intake measurement at baseline assumes a constant diet over time. To partially reduce potential bias from dietary changes between baseline and follow-up, we excluded all deaths occurring within 2 years after baseline in an additional analysis. This resulted in a slightly stronger association between the HDI score and all-cause mortality, which might indicate an underestimation of our overall association. We tried to differentiate between a healthy diet and a healthy lifestyle by including the most important risk factors for allcause mortality. However, residual confounding by unmeasured or imprecisely measured covariates remains possible. The HDI score, as a measure of dietary quality, appears to be a useful tool for international comparison studies, but its associations with health outcomes may be weaker compared with associations with specifically tailored diet scores such as, for instance, the Dietary Approaches to Stop Hypertension diet (30) to prevent cardiometabolic diseases or a score tailored to a specific study population, such as the Healthy Eating Index (31, 32) . In addition, our results need to be confirmed in future studies examining non-Western populations, such as those from Asia, Africa, and South America, with different dietary patterns.
The results of the present study showed that a healthy diet based on the globally defined dietary guidelines of the WHO is associated with greater survival in elderly populations in Europe and the United States. This analysis confirms that the WHO dietary guidelines are valuable to promote overall good health.
